INTRODUCTION
In order to meet the demands of cooling, pressure boost, ventilation, etc., a great development on aircraft environment control system has been achieved in recent years. The development trend of aircraft environment control system in the future is to use a more-electric-drive system configuration, both for civil aircraft like Boeing787 and military aircraft like F35 (Shou 2004 ).
The actuator system for aircraft retractable door in this paper is arranged on the titanium alloy beam at the top of the aircraft cockpit, realizing functions such as pressure, humidity, ventilation regulation by driving the door open or closed, to provide a safe and comfortable environment for the pilot. The system is designed to be able to complete these the following functions under the specified environment and load conditions.
• Drive the door to rotate around a fixed axis.
• When the door reach a specified position (0° or 28°), a microswitch integrated in the shell will be triggered, and a discrete signal will be transmitted to the upper computer. At the meanwhile, the power will be cut off automatically and the door can be locked at its current position reliably.
STRUCTURE OF THE SYSTEM AND ITS TEST BENCH
According to application requirements of this actuator system for aircraft retractable door, a high position accuracy is not necessary, but smaller volume, less weight and stronger carrying capacity are vital factors. Here are part of technical standards:
• The door can be open and closed completely (fully open angle is not less than 28°) in 10 seconds.
•
The mechanism can be locked reliably during power off.
The maximum load applied on the surface of the door: 136kgf lift load or 67kgf pressure load when the door is in a closed state.
Nominal voltage: 28V.
• Weight: less than 4.8kg.
Structure of actuator system
Simpler structure, less weight and higher reliability are the key driver for system architecture and component design. Without a demand on position accuracy, system structure should be simplified as much as possible including mechanical and electrical structure, under the premise that requirements are met finely. The EMA system for aircraft retractable door mainly consists of DC series motor and transmission mechanism which can transform the rotational ABSTRACT: As the development of more electric aircraft (MEA) and all electric aircraft (AEA), many researches in the field are working on the development of application of electromechanical actuators (EMA) instead of traditional hydraulic actuators. This paper introduces an application of EMA for retractable door in aircraft environment control system. Then, numerical model of several vital components are established and then the system model is accomplished based on Modelica which is an object-oriented modeling language for multi-domain. At last, Performance of this system are verified by test and simulation method. motion to translational motion including worm gear, planetary roller screw (PRS) and crank slider mechanism, see Figure. 1. Moreover, there is a rotatory variable differential transformer (RVDT) inside to monitor the angle of the door, and a microswitch inside to feedback the state (fully open or closed) of the door.
The design is aimed at building a system that is simple, compact, robust and cost-efficient. This arrangement gives some advantages to easily meet system structure and performance requirements:
• DC series motor has a simple structure, small size and big starting torque, and it is easier to weight and performance requirements. At the same time, the absence of motor driver also makes the system lighter.
• Worm gear can have a large reduction ratio and the feature of reverse locking that can save brake device so then simplify the mechanical and electric structure.
• Planetary roller screw is a new mechanism that can transform rotational motion to translational motion. Compared with roller screw, it has stronger carrying capacity and a longer life. ( 
Structure of test bench
In order to test the designed EMA system for aircraft retractable door, a set of test bench which can simulate the air load and test the system is designed.
A kind of clamp loading mode is designed to simulate the air load applied to the surface of the door, to test performance of the system without additional mechanical interface. The schematic diagram shows in Figure 2 . Clamp has the same rotation axis with retractable door. So loading method for the EMA system is realized by applying load torque equivalent to air load applied to the surface on the rotation axis. And the load torque is applied by mounting weight stacks at the end of the lever. There is a relationship between load torque L T and weight stack showing as follow:
where l is the arm length of weight and θ is the opening angle of the retractable door. 3 EMA SYSTEM MODEL A model of EMA system can be built correctly and conveniently based on Modelica, an objectedoriented modeling language for multi-domains.
Friction model
Friction force is calculated through Stribeck friction model (AMESimR9 2009). It is a classic mathematical model, finely describing friction behavior in low speed stage. The following model is used to compute friction force in this paper:
where v is relative sliding speed, s v is Stribeck speed, e f is external force, s f is maximum static frictional force, c f is coulomb friction, v f is viscous friction coefficient, and δ is nonlinear coefficient.
Worm gear
For transmission components like worm gear whose input or output is either rotational motion or translational motion, their Modelica model can be described by a one-dimensional mode, see Figure 4 . Angle is input to calculate output (torque) according to dynamic relationship when modeling. For transmission components like worm gear whose input or output is either rotational motion or translational motion, their Modelica model can be described by a one-dimensional mode, see Figure 4 . Angle is input to calculate output (torque) according to dynamic relationship when modeling.
It is assumed that the meshing force between worm and worm wheel is applied on a single point of the thread, see Figure 5 . The worm is subjected to two forces perpendicular to each other: a normal contact force and a friction force f F . n F can be divided into three vertical components: axial force Normal contact force n F is calculated through nonlinear spring-damping model based on penetration depth (Nordmark 1991) : 
where γ is the pitch of worm gear:
where i is the reduction ratio of worm gear 
Planetary roller screw
The modeling process of planetary roller screw is similar to worm gear. PRS can be regarded as a onedimensional transmission component whose input is displacement and output is force/torque. Similarly, it is assumed that the meshing force in PRS is applied on points. 
Planar crank slider mechanism
Model of crank slider mechanism is described by multi-body dynamics modeling method based on Descartes coordinate. So, mathematical model of crank slider mechanism is written as a differential algebraic equations (AMESimR9 2009):
where Φ is the constraint equation of the general coordinate matrix q, q Φ is the Jacobi matrix of Φ , λ is Lagrange multiplier, A and B are coefficient matrices. 
EMA system
EMA system model is built in MWorks which is a powerful environment for modeling and simulation based on Modelica, according to the structure principle of this system, see Figure 9 .
In Figure 9 , this model is an open loop system, including power source, motor, transmission part, crank-slider mechanism and loading part. DC series motor is powered by a 28V constant voltage power source. Transmission part consists of worm gear and planetary roller screw. In crank slider mechanism, a "bodyshape" model is used to simulate the aircraft door with parameters defined by user such as center of mass, inertia tensor, etc. A changing torque load model is built on the basis of formula (1), and these three load situation are corresponding no-load state, lift-load state and pressure-load state in the test respectively. 
RESULT ANALYSIS

Parameter setting
A part of parameters of the EMA system can be acquired from the design process, another ones can be evaluated according to empirical formulas, and the others can be tested. Several main parameters are list as follow: At "Load 1" state, the test system has an initial pressure load and inertia applied on the aircraft door caused by the test structure. With the increase of load, the inertia will increase too.
Test and simulation results of angle of the door when open or closed are compared at these three states respectively, see Figure 10 . In Figure 10 , the upper row of figures are angle change curves when the door is open and the lower are ones when closed. From Figure 10 , it's easy to see that simulation results agree with test results well. Moreover, they all prove that this system can meet function and performance requirements at any load condition. For example, it takes 6.3s for the door to be open to contact the microswitch according test result, and the opening angle is 28.45°. And in simulation result, opening angle of the door at 6.3s is 28.42°.
CONCLUSION
In this paper, an EMA system for retractable door in aircraft environment control system and a test bench are designed and realized. And the system can meet all the requirements after test and simulation. The successful application of EMA on aircraft is a great promotion for process of research on EMA. At the same time, the model of the system based on Modelica is a useful tool to do deeper analysis and research. Furthermore, a better design of the structure and a closed-loop servo system are needed for future research and application because of the possible higher position accuracy requirement. So the future work may include optimization design based on the Modelica model and a closed-loop system design.
